ABSTRACT
INTRODUCTION
The majority of forest trees are propagated by seeds and their progeny is genetically variable. Conventional methods of vegetative propagation like grafting, cutting, layering etc. for many trees are often too slow or impossible. Clonal micropropagation using tissue culture offers an attractive alternative to traditional methods of propagation of forest trees. This technology provides the possibility for high multiplication of selected superior trees and to produce genetically uniform plant material irespective of the season and weather. Micropropagation activities occur in at least 64 countries in all regions of the world and include more than 80 genera of forest trees [1] . Clonal planting material is currently the main way to increase productivity of forest plantations. In addition, clonal micropropagation is widely used for conservation of hardwood tree species, which are rare or threatened by exotic insects and diseases [2] . Current studies in this field are aimed at reducing time and cost of growing in vitro plants by reducing the steps of developmental pathways and decreasing the loss of plants during acclimatization [3] . One of the solutions to this problem is to use plant growth stimulators from diverse origins. These chemicals act on the most plant physiological and biochemical processes at very low concentrations. Their use can be particularly effective during rooting and acclimatization, which are the most critical stages of clonal micropropagation. In particular, to improve in vitro rooting of recalcitrant species, in addition to auxins, substances with phytohormonal-like activity are used [4] . A very important stage of clonal micropropagation is the acclimatization of plantlets in vitro after transfer to non-sterile environment. In vitro and ex vitro conditions are very different in parameters such as humidity, illumination, nutrient concentrations in medium or substrate, and gaseous composition of air. These changes cause stress in plants, which often leads to death or growth retardation [5] . To increase plant survival after transfer to soil, different strategies were utilized: photoautotrophic culture [6] , plant growth retardants [7] , arbuscular mycorrhiza inoculation [8] , and various growth stimulators. In particular, there are reports on the use of substances such as triacontanol [9] , chitosan [10] and humic acids [11] . Application of growth stimulators can be especially effective on plantlets in vitro of tree species which are usually worse rooted and adapted in comparison with annual plants. The aim of this work was to evaluate effects of natural (dihydroquercetin, Zircon) and synthetic growth stimulators (Melafen, Fumar, Epin-Extra) on rooting and acclimatization of common ash microplants.
MATERIALS AND METHODS

Plant Material
Sterile common ash (Fraxinus excelsior L.) plants were kindly provided by Prof. V. Padutov from Forest Institute at Gomel, Belarus. Stock shoot cultures were established in vitro from shoots of 60-year-old plus trees. Proliferating culture was maintained in vitro in 300-ml glass jars containing 50 ml of MS medium [12] , 30 g/l sucrose, and 7 g/l agar (american type QP, Panreac), supplemented with 2 mg/l BA and 0.1 mg/l IAA. Uniform two-to three-node shoots (20 -30 mm in length) oriented horizontally were used as explants. Cultures were transferred to fresh medium at four week intervals.
Rooting Conditions
Shoots (15 -20 mm long, 2 -3 pairs of leaves) were isolated and used for rooting experiments. Basal medium for rooting consisted of Woody Plant Medium (WPM) salts and vitamins [13] (half strength of macrosalts), 10 g/1 sucrose, 7 g/l agar and 0.5 mg/l NAA. The following experiments were carried out to determine the effects of growth stimulators on rooting: 1) Melafen at 10 
%;
3) Zircon at 0.05%, 0.1%, 0.2%; 4) dihydroquercetin (DHQ) at 0.01%, 0.03%, 0.05%, 0.1%. Since the stock solution of DHQ is a 10% ethanol solution the medium containing 0.3%, 0.5%, 1% ethanol was used as control. Rooting was carried out in 250-ml polypropylene containers containing 50 ml of medium. 4 -6 containers with 24 shoots each constituted one experimental treatment. The percentage of rooted shoots, the number of roots per shoot (more than 2 mm) and the root length were recorded after 2, 3, 4 and 8 weeks (for DHQ only) on the rooting medium.
The pH of all media was adjusted to 5.6 -5.8 with 1 N KOH and autoclaved at 121˚C at 1 kg/cm 2 for 20 min. Growth regulators and vitamins were filter-sterilized (Millipore, 0.22 µm) and added to the media after autoclaving. All cultures were grown in a 16-h photoperiod provided by cool-white fluorescent lamps giving a photon flux density of 40 μmol m −2 . s −1 at the culture level and a constant temperature of 23˚C ± 1˚C.
Acclimatization Conditions
The rooted plants were selected for acclimatization in the greenhouse. Microplants were washed with tap water, transferred to peat: perlite (3:1) and kept under relative humidity of 80% -90%, temperature of 23˚C -28˚C for 4 weeks. Shoots grown on control medium were treated with growth stimulator solutions weekly during 2 -8 weeks after planting into the substrate in 2.5 ml per plant. Experiment includes the following treatments: 1) control (without treatment); 2) water; 3) Epin-Extra (0.2 ml/l); 4) Zircon (0.1 ml/l); 5) substrate treatment with Trichoderma harzianum (10 9 CFU/g; 250 mg/300 ml of substrate). After 1, 2 and 3 months, the number of surviving plantlets and the mean shoot height (only 2 months) were recorded. The description of the growth stimulators is presented in Table 1 .
Statistical Analysis
All experiments were performed in a completely randomized block design and were repeated twice. A general analysis of variance (ANOVA) was conducted using the Statistica 7.0 program. Percentage data were transformed to arcsine values prior to analysis. Means were evaluated according to Duncan's multiple range test at p = 0.05.
RESULTS
The experiment showed a positive effect of growth Table 1 . Growth stimulators used in this study. % Melafen). Moreover, the roots on medium with Zircon were thinner and had dark tips.
The addition of DHQ to the rooting medium resulted in positive effects on the percentage of rooted shoots and number of roots per rooted shoot but these effects were concentration-dependent ( Table 3) . The highest rooting (100%) after 4 weeks was obtained with 0.01% DHQ. Root formation on other concentrations of DHQ was slower and therefore the experiment was extended to 8 weeks. After 8 weeks the rooting percentage on 0.03% DHQ was significant higher than the control. The root number with DHQ was 4.7 -5.8, in compare to control with only 3.2 per shoots. There was no significant dif- ference in the number of roots per shoot between 0.01% DHQ and control but DHQ was stimulated growth of lateral roots. Chlorotic leaves were observed on shoots rooted on 0.1% DHQ, 0.5% and 1% ethanol, probably, due to the toxic effect of ethanol. Besides shoots on medium with 0.05% and 0.1% DHQ were thicker and rougher than in all other treatments. Browning of medium around some shoots was observed at 0.1% DHQ. Unlike control DHQ was stimulated growth of shoots especially on medium with 0.01% DHQ.
Common ash plants rooted on medium with growth stimulators were acclimatized in the greenhouse ( Table  4 ). The survival rate was high (96% -100%) except for the variant with 0.05% Zircon. Growth stimulators had positive effect on growth of plants during ex vitro acclimatization. After 1 month the percentage of actively growing plants were significantly higher in all treatments with growth stimulators in comparison with control, 75% -92% and 57%, respectively. Shoots rooted on 10 % Melafen and 0.05%, 0.1% Zircon grew significantly taller (17% -32%) than those on control medium.
Plants rooted on medium with DHQ and ethanol also were acclimatized in the greenhouse. The DHQ treatment did not produce statistically significant changes in survival percentage or growing shoot part ( Table 5) .
Ethanol had negative effect on subsequent acclimatization of rooted plants and this effect was correlated with concentration of ethanol. Aftereffect of DHQ significantly increases growth of plants in the greenhouse-up to 45% compared with control. Treatment of plants by growth stimulator solutions of and treatment of soil by biofungicide had no effect on mortality of plantlets during acclimatization. The differences between the treatments were not significant due to the high survival rate (96% -99%) (data not shown). However the appearance of the shoots was different: plants treated with Epin- Extra and less Zircon were significantly larger and more vigorous than plants in any other treatments (Figure 1 ).
DISCUSSION
The type and concentration of growth stimulators strongly influenced the rooting of common ash shoots in vitro. The highest rooting percentage (94% -100%) was obtained on medium supplemented with Zircon at various concentrations. The natural plant growth stimulator Zircon derived from Echinacea purpurea and contained 0.1 g/l hydroxycinnamic acids. It is known that some hydroxycinnamic acids can inhibit the oxidation of IAA [14] , thus improving rooting of plants. On the other hand, shoots on the medium containing Zircon produced shortest roots compared with all other treatments. Recent research has shown that exogenously applied cinnamic acid, precursor of hydroxycinnamic acids, inhibited soybean root growth [15] . Addition of Melafen to medium also had positive effect on root formation but only one of five concentrations used, 10
%. With barley (Hordeum vulgare L.), Osipenkova et al. [16] showed that the height of seedlings treated with Melafen at concentrations of 0.5 × 10 −10 and 0.5 × 10 −8 M increased by approximately 10% and 20%, respectively, but at high concentrations (10 Dihydroquercetin (DHQ, taxifolin), a member of the flavonoids family, is one of the most prominent dietary antioxidants and has great therapeutic potential [17] . It was shown, that DHQ had strong stabilizing effect on the membranes of isolated vacuoles of common beet [18] . In vitro bioassays showed that DHQ is a strong inhibitor of Fusarium growth and macrospore formation [19] . In our experiments a DHQ isolated from Larix sibirica Ledeb significantly increased the rooting and the root number per shoot at concentration 0.01% and stimulated branching roots and growth of shoots. Slower root formation at higher DHQ concentrations could be related to the inhibitory action of ethanol since after its gradual evaporation the ability to root recovered. Higher concentrations of DHQ (0.05% and 0.1%) changed the appearance of shoots and significantly decreased rooting frequency but increased mean root number per shoot compared with control. These data suggest a powerful effect of DHQ on in vitro plants. During acclimatization no significant difference occurred in the survival percentages, which were very high: 96%, 98% -100%, 100% and 85% -100% for shoots rooted in the control, Melafen, Fumar and Zircon media, respectively. However all growth stimulators have contributed to a more rapid acclimatization of in vitro plants, which resulted in the early beginning of growth compared with the control. Apparently, used growth stimulators have a common mechanism of action-stimulation of natural processes in the plants in vitro, which leads to better tolerance to stresses during acclimatization. Although after 2 months there was no significant difference in the percentage of growing plants, the medium containing Zircon, Melafen and DHQ produced shoots which were taller than the control. All concentrations of Zircon significantly increased the height of common ash plants. Tallest shoots were obtained after rooting on the medium supplemented with 10 −5 % Melafen. Other Melafen concentrations increased or decreased shoot height compared with controls plants. Our data are generally in agreement with those reported by Ladyzhenskaya et al. [20] demonstrating that Melafen could both stimulate and inhibit the growth of potato tubers depending on its concentration. Rooting on low concentrations of DHQ (0.01% and 0.03%) also stimulated subsequent growth of plants in the greenhouse. In plant cultivation a number of other growth stimulators isolated from conifers are used, but not all of them are effective. Testing several coniferous needle products on strawberries showed some positive influence on plant development and the yield but no significant effects on spreading of diseases and fruit quality were observed [21] .
Very high survival (96% -99%) of common ash plants during acclimatization doesn't allow to determine the effect of the growth stimulator treatments on plant mortality after transfer to non-sterile conditions. However weekly spraying of plantlets with Epin-Extra and Zircon solutions stimulated growth of uniform plants with large leaves. Plant growth stimulator Epin-Extra contains 24-epibrassinolide that plays an important role in many physiological processes and adaptation to various environmental stresses [22] . It was shown that exogenous application of 24-epibrassinolide on rice seeds improved tolerance to salt stress [23] . Our data support the role of 24-epibrassinolide in plant protection from stress, in our case, the stress during acclimatization of in vitro plants. Hydroxycinnamic acids in Zircon also had promotable effect on plant growth in the greenhouse. Galis et al. suggest that some phenylpropanoids (e.g. hydroxycinnamic acids) may participate in controlling the endogenous cytokinin/auxin balance, and thus may be of a great importance in plant growth and development [24] .
CONCLUSIONS
We show here that the plant growth stimulators, both of natural and synthetic origin have a positive impact on common ash microplants in the most critical stages of clonal micropropagation-rooting and acclimatization. The 0.05% -0.2% Zircon and 0.01% DHQ increased in vitro rooting by 29% -37% and 24%, respectively. Rooting on media supplemented with Melafen and Zircon enhanced ability of in vitro plants to adapt to non-sterile conditions and accelerated its growth. Plants sprayed during acclimatization by Epin-Extra solution were uniform and had large leaves. Thus, the use of above-mentioned growth stimulators can be recommended for application in clonal micropropagation of common ash both for largescale production of planting stock and for conservation of rare and valuable genotypes.
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